We describe our setup of an optical lattice clock with 87 Sr at PTB. In this we plan to measure the black body shift given by the ac-Stark shift from the ambient black body radiation and hence reduce the most critical contribution to the uncertainty of current lattice clocks.
Introduction
Optical clocks can obtain higher stability and lower systematic uncertainty than current 133 Cs microwave clocks. A couple of optical lattice clock experiments are operated with strontium. The values of the 1 S 0 3 P 0 clock transition frequency agree within their uncertainties, which are dominated by the referencing to the Cs standard. In current strontium optical lattice clocks, a leading contribution to the uncertainty budget is due to uncertainties of the ac-Stark shift induced by ambient black body radiation. This effect contributes about 1.5·10 -16 to the fractional uncertainty [1] ; with equal contributions from the uncertainty in the determination of the effective ambient temperature at the position of the atoms and from the coefficient that is known from atomic structure calculations [2] . Here we report on the progress towards, both, direct and indirect measurements of the blackbody radiation shift. Our experiments rely on transporting ultra-cold atoms from an open loading zone to well controlled environments. In one experiment, a measurement of the differential static polarizability can be performed in a dc electric field in order to derive a more precise value for the shift coefficient. Alternatively, by moving the atoms into an environment at liquid nitrogen temperature the black body shift can be reduced and measured directly by comparison with a room temperature measurement.
Setup
In our setup we trap 87 Sr atoms in a horizontal 1-D 'magic wavelength' optical lattice in the Lamb-Dicke regime. The atoms are pumped prior to interrogation on the clock transition at 698 nm into one of the stretched spin states m F = ±9/2. We also apply a purification sequence to remove remaining population in other Zeeman sublevels: In a magnetic bias field of about 1.6 mT, a -pulse of 1 ms duration is applied to state selectively excite the spin polarized atoms into the upper clock state. The remaining ground state population is removed by resonant cooling light. Spectroscopy is then typically done by de-excitation with a 90 ms -pulse in a 21 T magnetic bias field yielding 10 Hz Fourier limited lines (see Fig. 1 ). We detect ground and excited state population to determine the excitation probability. We operate the experiment at a cycle time around 0.5 s and stabilize the clock laser to the mean of the transition frequencies of the m F = ±9/2 Zeeman components. A fractional instability of the frequency standard of 5×10 -15 / 1/2 is estimated. The strontium clock laser is connected via a fsfrequency comb to PTB's Cs fountains. With their small fractional uncertainties of 8×10 -16 [3] we have a good starting point for frequency measurements of 87 Sr.
Moving Lattice
To tackle the black body shift, we will move atoms into different environments. For transfer farther than the Rayleigh length it is necessary to move the interference pattern together with the focus position. Thus the lattice optics at opposite sides of the vacuum system are synchronously translated with two air bearing stages by up to 10 cm (Fig. 2) . In a preliminary test of our setup we have ensured that the quality of the movement of the optics is good enough to maintain the optical lattice. We expect to transport the atoms by a few cm from standstill to standstill within about 300 ms. The performance of the translation system and the design of the environments will be presented and the current status will be reported. We will compare the perspectives of measurements of the differential dc Stark shift and direct determination of the blackbody shift.
